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Researchers have created a
portable, chip-size version of a
detection system that is used by
industry and law enforcement to
identify everything from agricul-
tural toxins to DNA.
The miniature detector could
move types of testing from the
lab into the field, saving time
and money and increasing secu-
rity.The team, who used a newly
developed laser-processing 
technique to create the minia-
ture detector, was supported by
the National Science Foundation
It was led by a Purdue
University engineer, conducting
work at the University of
California, Berkeley.
“Now we have a way of putting
all of the critical components on
one wafer,” said Timothy Sands,
the Basil S.Turner Professor of
Engineering at Purdue.
“It’s much the same in concept
as going from separate transis-
tors to an integrated circuit that
includes many transistors on a
single chip.”
Traditional fluorescence detec-
tion systems work by attaching
a fluorescent dye to specific
molecules in a substance, then
shining a laser onto the sub-
stance.The laser light is
absorbed by dyed molecules,
causing them to emit a certain
colour, picked up by a sensor.
The new device, however, fits
on a centimetre chip created
by “laser liftoff,” with a power-
ful laser selectively separating
and transfering thin-film com-
ponents from one substrate to
another, to build up successive
layers of a ‘system-on-a-chip.’
“We use lasers to manipulate
materials, either to grow them
or to process them,” said Sands,
who specialises in heteroge-
neous integration.“We can
transfer films of materials from
one substrate to another, and
use this laser-based assembly
process to build up complex
systems made of materials from
different classes that are not
normally compatible.
“The idea is that you tag a spe-
cific molecule or cell with a
dye molecule that will emit
light when it’s excited.Then
you illuminate your subject
that’s been tagged with the dye
molecule, causing it to emit
light at a longer wavelength.”
The colour of the laser is cho-
sen to efficiently “excite” a spe-
cific dye. Shining a blue laser
on a certain dye results in the
emission of green light.A green
laser might be chosen to excite
a dye that emits red light.
DNA is tagged with a specific
dye and a fluid containing the
tagged DNA is passed under a
laser beam. Light-emission
data are collected and
analysed for information
about the DNA.
“You also have to have some
way of filtering the light,” Sands
said.“If you are using a laser
that emits blue light, you can’t
allow the blue light to go into
your photo-detector because it
will wash out the signal from
the green light the excited mol-
ecules emit.You have to filter
out the blue light and just pick
up the green.”
The research team had to cre-
ate a filter that could fit on a
chip.The LED, that emits blue
light is a thin layer of GaN,
formed on top of a sapphire
crystal. With laser liftoff,
researchers use an excimer
laser to shine fast pulses of UV
light onto the sapphire.
The concentrated energy
removes the sapphire substrate,
on which the blue LED is
formed, leaving behind only the
thin layer.
The LED film is transferred by
the laser onto a filtering layer
of cadmium sulfide, which
screens out blue light.
The layered diode and filter are
then added to a photo detector
on a single chip.The thin-film
LED is produced for under $1.
“Something new we recently
reported was to put 2 colours,
a blue and green LED, on one
chip,” said Sands. Adding the
green LED also meant adding
another filter. Illuminating dyed
molecules with a green LED
causes the dye molecules to
emit a reddish light.
The second filter keeps green
light from getting into the
photo-detector, so that it only
detects the reddish light from
the excited dyed molecules.At
least two colours are critical for
the analysis of biological and
chemical materials, with one
serving as a control, the other
used to detect the molecule.
“We are now arguing that we
can combine more than two
colours, as well as arrays of
LED-filter pairs.We could also
build a spectrometer on a chip
using an array of UV LEDs and
a series of thin-film filters that
absorb different colors.”
The team is currently compar-
ing the performance of the
integrated microchip to bench-
top instruments.
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